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To Whom It May Concern: 

BE IT KNOWN that We, Akira OKAMOTO. Yuichi SHIMAKAWA and 
Takashi MANAKQ, citizens of Japan, all res id ing at c/o NEC Corporation, 
7-1, Shrbe 5-chome, Hinato-ku, Tokyo, Japan, have made a new and 
useful improvement in "HEAT CONTROL DEVICE* of which the foil owing 
is the true, clear and exact specification, reference being had to 
the accompanying drawings. 
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HEAT CONTROL DEVICE 



BACKGROUND OF THE INVENTION " 
The present invention relates to a Iwt control device and more 
(^particularly to a -firat control device feasible for f e.g., an 
artificial satellite or a spacecraft. * 
5 a Jl* for ^spacecraft expected to navigat&a vacuum environment, 

(X^ treat radiation from^wtiTdesuf faces is the only heat r Eeo^ fcyag-means 
^J^vailable. The amount of -hea*- radiation dkrtati^ 
O^Jnside the spacecraft. A thermal louver has *»u3i u ni m L hr been used 
for maintaining temperature inside the spacecraft adequate. The 
10 ^thermal louver adjusts the amount of-hea* radiation to the outside 
^jn accordance with temperature. Specifically, the lauver^ncludes a 

e bimetal or similar actuator for driving blades^ The blades are ,1 J. 
(VfTpovable to increase or decrease the effect rvejfl«a-and therefore tne 
£vL£emperature of fart radiation surfaces, i. e. , increase the amount of 
15 (^u-faea^ radiation at a high temperature or reduces 7 it at a low 

A 

temperature. 

However, the above thermal louver is a mechanical device 
£XJ nc I ud i ng movab I e^ttww and theref ore bu I ky: grjd heavy. Moreover, 
£jthe louver lacks in rel iabi I ir^Jue to tne movable >portronj^ In 
20 addition, the blades cannot be opened and closed more than a 
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a variable-phase substance U tH( Sr,MnO, applicable to the present j 
invention.' / . j , * . L 

3 ' S a * ra " h A»h**3W ^/-^S/y/Q^Q I J 

A^^iVfJ S 3 eraph shwl "e data representative of the 3 I 

^S^Sar^e respect ively show a first end a second embodiment I 

O^fthe-beat.cbntror device in accordance with the present invention 1 
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DESCRIPTION OF THE PREFERRED EMBODIMENTS 
To better understand the present invention, brief reference 
*i 1 1 be made to a conventional thermal .louver, shown in FIG. 1. The 
0.thermal louver to be described adjusts the amount of*^%iZ t]on 
to the outside in accordance with temperature, as stated ear l ier. As 
shown, the thermal louver includes a bimetal or actuator 10 and blades 
| 15 12 ' THe b ' mtai 10 d( *! v ~ «• bit*. 12 in order to increases or 

A Decreases the effective area and therefore the temperature ofg^^ 

m * rad '' 8ti °" surfaces. There are also shown in FIG. 1 a f rame 14. a 

O A*eafrcontr^device in accordance with the present invention 
20 ^ i, characterized in that it uses e^^&ion characteristic 

part.cular to a subetenee itself in place of a mechanical principle. a 
O.AS for a s P acec ^^ed to navigate a vacuum ^^nt.^^ 
^radiation fromlKs^sT^faces is the only heat^^^^iieans 
available. The amount of heat radiation dictates the temperature 
25 inside the spacecraft. 



(X The -heat- cpntrol device of the present invention is 
implemented by a variable-phase substance (La^r^nO,) arranged on 
the heet radiation surfaces of a spacecraft. The variable-phase 
substance belongs to a fami ly of oxides of perovski te Mn and undergoes 
5 V phase ^ansition around room temperature. Tl^ctartker isti/of 
» this hS*^-***^ 

v « low temperature phase, tot similar to the^ character istic of jn 
^insulator in a high temperature phase. Also, the ^^k^L 
(X™*** of the substance is low when conductivity is high, but high when 
10 conductivity is low. The substance therefore has an automatic 

t ^YnSS>^S tine 3bl '' ty ' autoraat, ' ca "y increases its 

fa hoot- ra&i ot ion wbt io at high temperatures and decreases it at low 
temperatures. FIG. T shows the dependency of the resistivity and 
infrared reflectivity of La^r^nO, on temperature, reported in the 
15 past. As FIG. 2 indicates, the reflectivity noticeably changes with 
Qdnanges in temper aturearound photon energy of about 0. 12 eV 00+^ 
£_which is the peak odS^rSdla^il^round room temperature. The 
phase transition temperature is variable between 250 K and 350 K in 
accordance with the composition ratio x of La and Sr. 

20 ^W^X!&T^ $hCWS ^ re P re *entative of the hemispherical 
(\, re f I uo 1 1 i v Uy of La„, ^nO, and measured in the range of from 170 
0U< to 380 K. As shown, the iSSeatfi&ty^arply changes in the ranee 

Zoo 

» of from 360 K to 280 K, i.e. , at the phase transition temperatures, 
v As a resu 1 1, the above substance exh r b i ts the character i st i c of meta I 

A A 

25 at the low temperature side, but exhibits the characteristic of an 



insulator at the high temperature side. 

FIG. 4 shows data representative of the result of measurement 
of resistivity. As shown, the resistivity changes by about four 
times as in FIG. 2. () 

In the^+ieetr control device of the present irvention. the 
variable-phase substance should only be arranged on heat radiation 
surfaces in the form of a f i lm and is therefore space-saving and I ight- 
, weight. Moreover, the device is highly rel iable because tt-needs no 
movable portions. When the device is mounted in a position getting 
the sunl ight, a si 1 icon plate transparent for thermal infrared rays, 
but opaque for the sunlight, may be positioned in front of the 
variable-phase substance in order to minimize the sunl ight absorption 
of the device. 

For the variable-phase substance, use may be made of an oxide 
of Mn-containing perovskite represented by A^^MnO, where A denotes 
at least one of La, Pr. Kd and Sm rare earth ions, and B denotes at 
least one of Ca. Sr and Ba alkal ine rare earth ions. Further, such 
a substance may be implemented by an oxide of Cr-containirtg corundum 

vanadium, preferably CV f _ x Cr,) A- ^H/Jf^tJl 

Referring to FIG. 5, a first embodiment of the -fee**-contro I 
device in accordance with the present invention will be described. 
As shown, the device is implemented by a variable-phase substance 1 
for control I i ng the temperature of a des i red object 2. The substanee 
1 exhibits thTcharacieristic^of metal in jj hieh temperature phase. 
Ou but exhibits the e #iaracteristic of ^ ..JU'1'aUi. tn a low temperature 




phase. Also, the substance 1 radiates a great amount of heat in the 
High temperature phase, but radiates a smal I amount of heat in a low 
temperature phase.. The substance 1 is affixed to the object 2 by 
powder coating. TvXf te vaSm T crystal I ine adhesion or similar 
5 affixing means. In the il lustrative embodiment, the substance 1 is 
implemented by La^r^nO, belonging to a family of oxides of 
perovskite Hn. n 

Specifically, the object 2 is representative of the heat 
(X/adiation wal I of-* spacecraft. The substance 1 is arranged on the 
10 surface 3 of the wa 1 1 2 in the form of a several hundred micron thick 
film. The substance 1 is thermally coupled to the surface 3 and 
substantially the same in temperature as the wall 2. 

In operation, when the temperature of the surface 3 rises and 
heats the substance above the phase transition temperature, then the 

16 heal r ^^S^J^^ ° f the substance ' ncreases - a resu,t - the 
£^amount of5ewfe radiation to the outside environment increases and 
lowers the temperature of the surface 3. Conversely, when the 
temperature of the surface 3 drops and cools off the substance below 
the phase transition temperature, the heat radiation ratio of the 

20 ^substance f and therefore the amount of *e*6 radi at i on decreases, 
raising the temperature of the surface 3. With this mechanism, the 
substance 1 automatical ly controls the temperature of the surface 3 
to e range around its phase transition temperature. 

The substance 1 has (pa/bld crystal structure and has an 

25 optical property not dependent on the orientation of the 



crystal I ogrephic axis. It follows that the substance 1 can be 
arranged on the surface 3>y any one of convent i ona I schemes i ncl ud i ng 
powder coat i ng. ^^flTut nwn crysta ! I ine adhes i on and other af f i x i ng 
means and the adhesion of a film implemented by a powdery phase- 
5 variable substance containing, e.g., a binder. 

The illustrative embodiment is practicable only if the 
variable-phase substance is implemented by, e. g. , an oxide of Mn- 
containing perovskite represented by ^-AlinOj where A denotes at 
least one of La, Pr r Nd and Sm rare earth ions, and B denotes at least 
10 one of Ca, Sr and Ba alkaline rare earth ions. Further, such a 
substance may be implemented by an oxide of Cr~conta i n i ng corundum 

vanadium, preferably (V JH <Cr % ) fl 2 . ^j^^/yy^X 

CX^ A second embodiment of the teat- control device in accordance 
with the present invention wr I I be described with reference to FIG. 
15 8.. As shown, the device is also implemented by the variable-phase 
substance 1 for controlling the temperature pf the object 2- The 
\o ^substance 1 exhibits the character i stic of-mete+ m a/"!* 1 temperature 
v, tot exhibits the character istfc of aiw-Hwdaiss* in a low 

s\ A 

tenjperature phase, as stated earl ier. In addition, the substance 1 
20 radiates a great amount of heat in the high temperature phase, but 
radiates a small amount of heat in a low temperature phase, as also 
stated previously. In the i I lust rat ive embodi merit, a si I icon plate 
4 transparent for infrared rays, but opaque for visible rays f is 
positioned on the substance 1. 
25 As shown in FIG. 2, U 1Ht Sr^n0 3 constituting the substance 1 



* 



has ref lectrvely as low as about 0. 2 in the sunl ig ht wavg length range 
£5u(0. 3<^*to 2, 5 -pm>, i.e., it shows high abc o rba a ro -to thte sunhght 
in such a range. Therefore, when the substance is positioned in an 
area d i rect I y gett i ng the sun I i ght , i t s ^abso rb o n eo -i o i nor cooed X q 
5 abstract h eat T ed ia tnm . In such a case/ as shown in FIG. 6 f the 
si I icon plate 4 transparent ^foV inf rarecTrays, but opaque for visible 
rays, is mounted on the front of the substance 1, This embodiment 
is therefore identical in principle with the first embodiment except 
that the silicon plate 4 reflects the sunlight. 
10 If desired, the si I icon plate 4 may be replaced with any other 

member, e-g. , a plate or a film containing germanium so long as it 
can transmit infrared rays. 

In summary, it wi 1 1 be seen that the present invention provides 
it^M^^o^rol device using an optical 



Q^e small size, light weight 
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property particular to a substance itself in place of a mechanical 
principle appl ied to aconventional thermal louver. Inaddition, the 
device of the present invention is highly reliable and long life 
because it needs no movable portions which would bring about wear, 
fatigue and other problems. 

Various modifications wi 1 1 become possible for those ski I led 
in the art after receiving the teachings of the present disclosure 
without departing from the scope thereof. 



